while that computed by the other authors9-13) was found to be ( 3 ) We call, temporarily, Eq. (2) 'the old theory' and call Eq. (3) 'the new theory.' What we call the new theory has gained predominance since Chu and Apfel's theory13) was presented: not a few researchers look upon almost all the problems of acoustic radiation pressure as settled by the work of Chu and Apfel in the present day. The present authors, however, believe that the mysteries of Rayleigh radiation pressure are unsolved as ever at least in the case where there exists reflected waves in a sound field, and that the existing theories, both what we call the old theory and what we call the new theory, even the so-called established theories, include defects to be spoken as paradoxes.
In the present paper we develop a new theory of Rayleigh radiation pressure in the course of reviewing and criticizing some of the existing theories, in particular, Chu and Apfel's theory. The principal requirements for the theory to be developed in this paper are as follows: (1) to give a clear definition of Rayleigh radiation pressure, (2) from which Rayleigh radiation pressures on various types of terminating plates are derived by altering only the acoustic parameters. Although we assume the adiabatic change of a perfect gas in this paper, the results become applicable to general inviscid liquids by slight modifications as described in Sec. 4.
RAYLEIGH RADIATION PRESSURE ON A PERFECTLY ABSORBING PLATE
Let us consider a tube containing a perfect gas closed at one end (a=-L), by a vibrating piston and, at the other end (a=0), by a perfectly absorbing plate as a target, where a is a Lagrangian coordinate. There will be waves traveling only from the vibrating piston to the target. Let the density and pressure in the absence of sound be, respectively, p0 and P0, and let the linear sound velocity be c0. In the present paper the subscripts L and E represent, ( 6 ) where < > denotes the time average, and if we substitute the first order solution for p in the pi _ in the second term on the right of Eq. (5), then we obtain the Rayleigh radiation pressure on a perfectly absorbing plate ( 7 ) where <E> is the time-averaged energy density. The result Eq. (7) coincides with what we call the new theory, Eq. (3), and is one-half of what we call the old theory, Eq. (2). The method of Chu and Apfel is very simple, and the present authors, of course, have no objection to it. Let us investigate the physical meanings of Eq. (7) below.
If we solve the nonlinear wave equation relating to the displacement 6 given by ( 8 ) we obtain an approximate solution14) for the particle velocity ( 9 ) 
Integrating Eq. (9) over time, we obtain the displacement (11) where f (a) is an unknown function of a. If we use the following approximations (12) and if we take terms up to the second order, then Eq. (11) becomes (13) which holds in the case where a is much less than ac.
Westervelt10) employed Eq. (13) and adopted f (a) as (14) to calculate the Rayleigh radiation pressure on a perfectly absorbing plate to obtain the same result as Eq. (7). However, since the origin of time should be arbitrary as long as we discuss a problem of the stationary state, the only one and necessary boundary condition is (15) which implies the simple harmonic time dependence of the piston. Therefore, we can adopt (16) as an approximate solution of Eq. The Rayleigh radiation pressure on the wall as a target of so-called a resonance tube, where a column of gas is closed at both ends by rigid walls and whose length is an integer multiple of halfwavelength, has been given as (29) by almost all the authors.'1-13)
Consider a column of gas closed at one end (a= 0) by a rigid immovable wall and the other end
by an oscillating piston. Chu and Apfel13) derived the following formula for the Rayleigh radiation pressure on a perfectly reflecting plate (30) where<< >> refers to the space average of the timeaveraged quantity.
Using the boundary conditions (31) they obtained the same result as Eq. (29) for the case of a resonance tube. Westervelt10) adopted the following solution of the wave equation (8) (1) The effect of acoustic straining on the Rayleigh radiation pressure should not be disregarded not only in a progressive sound field but also in an acoustic field where both progressive and regressive sound waves are present.
(2) The Rayleigh radiation pressure on a perfectly absorbing plate is given by (y+1)<E>/4, which is in agreement with some of the existing theories.
(3) What is called the resonance tube cannot exist in a strict sense in the case of nonlinear sound waves.
(4) The Rayleigh radiation pressure on a perfectly reflecting plate is given by (y+1)<E>/4, irrespective of the length of a gas column. This result contradicts with the existing 'established theory.' (5) We have derived a new expression for the Rayleigh radiation pressure on a partially reflecting plate, which is applicable to various types of reflector by altering the parameters in it.
(6) It has been shown that there is no need to take the space average of Lagrangian pressure in order to calculate the Rayleigh radiation pressure, since the time-averaged Lagrangian pressure is independent of the Lagrangian coordinate in every case.
How to realize experimentally such a Rayleigh radiation pressure and how to measure it remain the subjects for a future study. Even if, however, applications of the Rayleigh radiation pressure should not be promoted satisfactorily because of experimental difficulties, the importance of the study of the Rayleigh radiation pressure will never diminish because it is essential in order to establish nonlinear acoustics as physics.
The history of studies on Rayleigh radiation pressure has been a succession of failures and errors, and there has never been a perfect theory: every theory has both advantages and disadvantages.
This fact encourages us in the sense that we need not fear to make an error. It may be difficult for the present paper to evade being erroneous one. The present authors, however, are pleased with the fact that we have presented an idea about one of the most fundamental problems of reflection and transmission of nonlinear sound waves.
We have restricted ourselves to the Rayleigh radiation pressure in this paper. Of course, Rayleigh and Langevin radiation pressures have close connection with each other. For example, knowledge of the Langevin radiation pressure was necessary to describe the components of the Rayleigh radiation pressure as discussed around Eq.(28).
However the theory of the Rayleigh radiation pressure is extremely exhaustive and detailed, all the mysteries of radiation pressure will never unraveled as it is, since discussions on Rayleigh radiation pressure are essentially confined to the one-dimensional problems. 
